"APPROVED FOR RELEASE: 09/17/2001

S35

PP 310-312

TEXT: The authors proceed fro
according to which the composi
of organosodium-} organolithium \compou
polymerization occurs in h
The polymerization is acce
the substitution of anines,
Pre authors infer frem thiag that the
components of the catalysts for LiR
carbons but alsc in polar solvents.

L EXiH] fihiiing

APPROVED FOR RELEASE: 09/17/2001

1o g o e O

jh;tiﬂ;ﬁﬂﬁh?”tﬁ‘Wm.w

ra of Carbanions in the
\in the Presence of Organometallic

AUTHORS: _Spirin, Tu.
e kS
TITLE: Electron Absorption Spect
Polymerizatiocn of Styrene
Compoundsa
PERTODICAL: Vysokomolekulyarnyye soyedineniya,

ydrocarbons instead o

lerated by the convers
ather., or tetrahydrofurane for hydrocarbon.

structure of the carbanion
and NaR differ not only in hydro-
This was chaocked by examining the J‘

CIA-RDP86-00513R000614230002-3

81612

s/19o/6o/ooz/oz/1 1/011
B004/B061

A. Roy ggdvedev, S. S.

1960, Vol. 2, No. 2

m the data published in Refs. 1-4,

tion of copolymers
nds are used as catalysts, and the

changes when, ingtead

£ in amines and ethers.
jon of LiR to NaR and

CIA-RDP86-00513R000614230002-3"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3

l ;. 1 :3‘51”3’::'.”.“”‘ B[ Fﬁai I HETEY & IS PRI R TN E RERHHE O RS M NI [ 150
81612
Electron Absorption Spectra of Carbanions s/190/60/002/02/11/011
in the Polymerization of Styrene in the B004/B061

Presence of Organometallic Compounds

absorption spectra in the near ultraviolet range. The spectra of
carbanions formed by polymerization of styrene in the presence of

LiR or NaR in different medis were taken with an % -4 éSF-4) spectro-
photometer according to I. V. Astafiyev’s method (Ref. ), excluding
dampness and oxygen, Fig. 1 shows %he dependence of the optical density
on the wavelength for lithium polystyrene in different media, Fig. 2,
the same for sodium polystyrene, and Table 1 gives the absorption
maxima. The results are: The absorption maximum is shifted to longer
waves (from 330 mp to 395 mu) by the use of organosodium compounds.

This confirms the strengthening of the carbanion character in NaR as®
opposed to LiR. The solvent (toluene, toluene + triethylamine, toluene +
tetrahydrofurane) has no effect on the position of the absorption bands,
and only changes the intensity of absorption. There are 2 figures,

1 table, and 6 referencea: 3 Soviet and 3 US. J‘

ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physico-
chemical Institute imeni L. Ya. Karpov)
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5/190/60/002/007/012/017
B020/B052
//, 227/
AUTHORS: Spirin, Yu. L., Polyakov, D. K., Gantmakher, A&m&;,
Medvedev, S. S. '

TITLE: Polymerization and Copolymerization of Isoprene Initiated by
Ethyl Lithium .

PERIODICAL:  Vysokomolekulyarnyye soyedineniya, 1960, Vol., 2, No. 7,
pp. 1082-1092

TEXT: In a previous paper it has been shown (Ref. 1) that the polymeri-
zation mechanism of styrene in the presence of ethyl lithium changes cone
siderably with the transition from a hydrocarbon solvent to a triethyl-
amine toluene mixture. Here, the polymerization and copolymerization laws
of isoprene and styrene by ethyl lithium are investigated under various
conditions. Ethyl lithium was synthesized by reaction of metallic lithium
and ethyl chloride in benzene (Ref. 2). After recrystallization it was
solved in toluene, vacuum-filtered and filled into ampoules. From them,
the solution was filled into the device shown in Pige 1. The polymeri-
zation was carried out in the dilatometer shown in Fig. 2. The polymers
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Polymerization and Copolymerization of Isoprene $/190/60/002/007/012/017
Initiated by Bthyl Lithium B0O20/B052

were precipitated from the obtained solutions by methanol. During the
jsolation of polyisoprene, the antioxidant HEO30H -A (Neozone-d) was added
to methanol. The polymers were vacuum-dried, and the viscosity of paly-
styrene in benzene (Ref. 1), and that of polyisoprene in toluene were de-
termined at 300. The composition of the copolymers was IR—Bpeotrographical—
ly ard refractometrically determined from jheir hydrogen and carbon con=-
tents on the basis of the supposition that the jntrinsic viscosity is an
additive quantity. The difference in the results obtained by various
methods, was not more than iz.a%. The dependence of the polymerization
rate of isoprene on the concentration of the monomer in toluene, ethyl
1ithium in toluene, triethyliamine and the catalyst in a toluene - triethyl
amine mixture, is graphically presented in Fig. 3. It ishoke.: that the
polynerization rate is proportional to the monomer concentration. In the
toluene - amine mixture, the polymerization rate is proportional to the
concentration of the catalys¥. However, the dependence of the polymeri-
zation rate in hydrocarbons in connection with the lithium polyisoprene
association, on the concentration of the catalyst, is more complicated.
Fig. 4 shows the kinetic ourves of the isoprene and styrene polymerization
with 0.003 mole/l of ethyl lithium solution in toluene, and in a toluene -
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Polymerization and Copolymerization of Isoprene s/190/60/002/007/012/017
Tnitiated by Bthyl Lithium 3020/3052

amine mixture. The temperature dependence. of. the polymerization rate of
isoprene in toluene and a toluene - amine mixture, is shown in Figs. 5 and
6. Table 1 gives the activation energies and rate constantas during the
increase of the chains in the isoprene and styrene polymerizations. For
comparison, the same quantities are given as to radical polymerization.

E = 14.3 kcal/mole, k500 = 0.5 in the polymerization of isopreme in toluens

and in the amine - toluene mixture: B = 9.2 kcal/mole, and k30° = 0.03.

The dependence of log [n] on log M for polyisoprene in toluene, and toluene
with a triethylamine addition, are shown in Fig. 7. Table 2 gives the come
position of isoprene styrene copolymers in various solvente at 27°C; the
kinetic curves of the system under different conditions are given in

Fig. 8. The constants of the copolymerization of isoprene and styrene in
toluene were found to be r, = 9.5, T, = 0.25; in a toluene - amine

mixture r, = 1, ¥, = 0.8. On the basis of the results obtained, a poly-

merization mechanism was suggested for vinyl and diene-monomers in the
presence of ethyl 1ithium under various conditions. There are B8 figures,
2 tables, and 11 references: 6 soviet and 5 US. .
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Initiated by Bthyl Lithium B020/B052
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§/190/60/002/008/009/017

B0O04/B054
AUTHOARS : Zabolotskaya, Ye. V., Gantmakher, A. R., Medvedev, S. S.
TITLE: Polymerization of Styrene Under the Action of Complex
Catalysts
PERIODICAL: Vysokomolekulyarnyye soyedineniya, 1960, Vol. 2, No. 8,

pp. 1213-1220 /
TEYT: The authors attempted to determine the mechanism of polymerization
of styrene by combined catalysts of TiCl, and triisobutyl- or triethyl.
aluminum. Dosing of aluminum alkyl and TZCI3 was conducted in vacuo by —_

means of the glass vessel shown in Fig. 1. Polymerization was performed

in the apparatus of Fig. 2. Vessel 1 contained a ball with aluminum alkyl.
The apparatus was evacuated to 10-7 mm Hg for 18 hours. In a nitroger flow,
TiC15 was then filled into the dilatometer 2, and the styrene dissolved in

benzene wag filled into vessel 3. The content of 3 was poured into 1, the
ball with the aluminum alkyl broken, and the whole filled into the dilato-
meter 2. The dilatometer was melted of f the vacuum apparatus at 250-300 em Hg,
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Polymerization of Styrene Under the Action s/190/60/002/008/009/017
of Complex Catalysts BOO04,/B054

and polymerization was performed in a thermostat at 7500. The following
results were obtained: 1) There is a proportionality hetween the polymeri-
zation rate w (moles/lemin) and the TiCl3 concentration: for 0.0228

moles/1 of TiCl,, we10° = 0.186; for 0.1430 moles/l of 71615,
w~102 = 0.635. 2) w is a linear function of styrene concentration:
for 0.650 moles/l of styrene, we10° = 0.060; for 3.74 moles/1 of styrene, /

we10? = 0.379. 3) The aluminum alkyl concentration (between 0.01 and 0.06 __
moles/1) and the ratio between TiCl3 and aluminum alkyl do not affect the

polymerization rate. 4) A stu%y of the temperature depegdence of the poly-
merization rate showed: at 84°C, w+102 = 0.281; at 63.5°C, w-102 = 0.083.
5) When calculating w' = w-103/[@iCl§][§tyreng, log w®' is a linear function

of 1/T. The activation energy was found to be 11.0 kcal/mole. 6) 60-70% of
the polymer obtained had a molecular weight of 1,000,000 - 1,500,000. The
molecular weight did not depend on the monomer conceniration. These data
indicate a mechanism of polymerization similar to the polymerization of
ethylene and propylene: M: + M — Mn + M¥. The authors thank Z. V. Zvonkow
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and N S. - Ivanova for deuermlning the modification of a-TiCl,, and . I..;
‘ﬂakletsova for determining the molecular weight of the polymers’ lse?e,ﬁre ?
8 figures, 6 tables, and 15 references: 2 Soviet, 6 TS, 1 French, 2 Je-ﬁa
jand 3: Italian. :
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s/190/60/002/009/012/019
B004/B0O60

Medvedev, S. S.

AUTHORS: Lanovskaya, L. Moy Gantmakher, A. R.,

TITLE: Polymerization of Ethylene \by Means of the Combined
4 Catalyst a-TiCl, - AlR. in the Presence of Variouas Monomers.
—-— 3 p)

1. The Effect of Various Monomers on
Ethylene “

the Polymerization of

PERIODICAL: Vysokomolekulyarnyye soyedineniya, 1960, Vol. 2, No. 2

pp. 13911397

TEXT: The authors wanted to study the interaction of warious unsaturated
compounds with the combined catalyst, and its effect on the polymeriza-
tion of ethylene under conditions at which these compounds still poly-
merize at a negligibly low rate. The authors describe the purification
of the reagents, the reaction vesgel (Fige 2) with magnetic stirrer and
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Polymerization of Ethylene by Means of the 8/190/60/002/009/012/019

Combined Catalyst a-TiCl3 - AlR5 in the 8004/8060

Presence of Various Monomers. I. The Effect
of Various Monomers on the Polymerization
of Ethylene

thermostat. and a device (Fig. 1) which served for introducing the
octane solvent and the (1-04}{9)5:&1 into the reaction vessel. The measure-

ments were made at a constant ethylene pressure of 200 torr by the

method developed by A. I. Gel'bshteyn and M. I. Temkin (Ref. 8). The
experimental procedure was worked out by Gritsenko and Lanovskaya. L///
a-methyl styrene, isoprene, butadiene, and isobutylene were used as ad-
mixtures. In the first series of experiments (Table 1, Fig. 3), the

monomer was filled into the reaction vessel before introducing the

ethylene. In the second series of experiments (Tables 1,2, Figs. 4-6),

the ethylene was first polymerized during two hours, the monomer was then
added, and polymerization was carried on for five more hours. In the
experiments specified in Table 1, the authors used TiCl, which was ob-

3
tained from TiCl4 by reduction by means of antimony. Table 2 specifies
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- Polymerization of Ethylene by Means of the 5/190/60/002/009/012/019
Combined Catalyst a-TiCl§ - AlR3 in the B004/B060

presence of Various Monomers. I. The Effect
of Various Monomers on the Polymerization
of Bthylene

the experiments in which TiCl3 was produced by the reduction of TiCl4

by means of titanium metal., Experiments revealed thet the polymerization

rate of ethylene is retarded in the presence of one of the monomer com-

pounds mentioned. The molecular weight of the result ing polyethylene

is, however, not jafluenced thereby. As to their reaction-retarding !
effect, the various monomer compounds are mentioned in the order buta- ‘
diene, isoprene > atyrene > isobutylene > a-methrl styrene. Diene _
hydrocarbons, thus, have the greatest retarding effict., The addition of

monomers prior to or after the beginning of polymerization bears no in~ /
fluence on this effect. The authors mention a disousston by &+ Re = . 7
Gantmakher on a lecture by A. A. Korotkov at the Irternational Symposium

in Prague, 1957. There are 6 figures, 2 tables, an¢c 8 references:

2 Soviet, 4 US, and 2 German. :

APPROVED FOR RELEASE: 09/17/2001

CIA-RDP86-00513R000614230002-3"



"APPROVED FOR RELEASE 09/17/2001 CIA-RDP86 00513R000614230002 3

Polymerization of Ethylene by Means of the S/190/60/002/009/012/019

Combined Catalyst a-TiCll - AlR3 in the BOO4,B060

Presence of Various Monomers., I. The Effect ‘

of Various Monomers on the Polymerization [/

of Ethylene

ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova
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s/190/60/002/011/010/027
58101 B0O4/BO60
AUTHORS : Lanovskaya, L. M.,(_Gantmakher, A ml_l;., Medvedev, S. 5.
TITLE: Polymerization of Ethzleneflby Me‘-..’ns of Combined z:x—'l"1013~1\1R3

Catalyst in the Presence of Vari s Monomers. II. Some
Problems Concerning the Polymeri 'ation'\uechnnism in the
Presence of Combined Catalysts

PERIODICAL: Vysokomolekulyarnyye soyedineniy .. 1960, Vol. 2, No. 11, Vo
pp. 1655 - 1658 ;

TEXT: This is a discussion of the results obtiined by the authors 'in.:.R_ei’A‘
concerning the effect of various monomers on tie polymerization of ethylene

by a«»‘l‘iCls-Ale catalysts. The authors' experinents revealed that additions

of isobutylene, styrene, isoprens, oTr butadiene reduce the polymerizat'ion
rate of ethylene, complexes\of these monomers being formed on the catalys
surface. The ability to form complexes is reduced in the series . . ..
butadiene ) isoprene) styrene ) isobutylene »o-methyl styrene. Thisg
succession is analogous to the series obtained by other researchers for
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Polymerization of Ethylene by Means of S/190/60/002/011/01O/027
Combined a-TiCla-Alﬂj Catalyst in the Presence B004/B06Q

of Various Monomers. II. Some Problems Concerning the Polymerization‘
Mechanism in the Presence of Combined Catalysts

compounds of platinum, silver, and other metals. The authors base on their
experimental results to conclude that the monomers react with the titanium
component of the catalyst. A reaction with the aluminum component, which
is a Lewis acid, would yield another series of activities. The following
reaction scheme is given:

R k R R k R
1ic1,.41%R + Meon. 7101, .A1CR (1) m.ric1,.a1%8 —Beicr. .a17R (2).
> \yr K 37 \ur 37 \u g EAN R

n n n n+

Polymerization by combined catalysts thus does not have a typical anionic
course, but is a more complicated process. This has some resemblance with
polymerization in the presence of lithium alkyls, but differs from it by
specific properties which depend on the structure of the combined catalyst.
The authors mention A. A, Babushkin, L. A. Gribov, and A. D. Gel'man.
There are 14 references; 5 Soviet, 4 US, 3 British, 1 French, and i German.
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of Various Monomers. II. Some Problems Concerning the Polymerization
Mechanism in the Presence of Combined Catalysts

ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physico-
chemical Institute imeni L. Ya. Karpov)

SUBMITTED: May 5. 1960
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- 5/074/60/029/05/02/ 005

9. J3Lk00 5008/ D006

AUTHORS 1 Gantmakher, A. R., Spirin, Yu. L.
mmm;ﬁmwm&m“ ‘l

TITLEs Anionic Polxmerization Under the Influence of Alkalil

Metals and Their Derivatives
PERIODICAL: Uépekhi khimii, 1960, Vol. 29, No. 5, PP 629647

TEXTs This survey deals with polymerization under the influence of

alkali metals and their derivatives. Anionic polymerization proceeds D(x
according to an ionic mechanism of the type of an acid-base inter- ’
action (Ref. 1), in which the catalysts, or the active centers act

as electron donors, while the monomers act as electron acceptors.

Vinylidene cyanide and nitro-ethylene monomers, which readily react

in anionic polymerization reactions, polymerize in presence of water,
alcohols and amines (Refs. 3.7) without heating. The following mechanism

is assumed: (ROH + CH,=C(CN),—> R—-?;—cuz—-c (cn),

. . + - - 4
initiation R?—CHQ—C(CH)Q + ROH —> R——-<)—0112——<3((:N)2 + H.0—R

H B
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Anionic Polymerization Under the s/074/60/029/05/02/005
Influence of Alkali Metals and Their B008/B006
Derivatives

chain reaction n—-o—cnz—é(cu)gwcnz-c(cu)z—» B—o——-[cnz—-c(cu)z] .
n+1

s published in the field of polymerization
in the presence of alkali metals, amides and organic alkali-metal com-
pounds. Further investigations in this field rendered it possible to

clarify the nature of this process. Polymerization in liquid ammonia
in the presence of alkali-metal amides is discussed in Refs. 14-16. The Jx:/
HR

following reaction mechanism was suggested: ﬁH2+CHZ-CHR . NH2 -—CHZ-—C
(initiation), NH,— (caz—can)n—cna—émwnzncnn — Naz—-(cﬂz—crm)M1 —
—-cuz—-ﬁun+HNH2—> NH,—

Refs. 8~13 are the first paper

—-CHZ-—CHB. (chain reaction), NHZ-—(CHZ—-CHR)H +

—(cnz—can)n+1—cnz—cazn+m2 (chain termination). Polymerization in

i metals and their organo-metallic compounds is
s type of reaction, the folloving me-
n example, is assumed:

the presence of alkal
discussed in Refs.,17-35. For thi
chanism, giving an organo-sodium catalyst as a

+ - ~ 4 v
NaR,+CH,=CHR —> R, —cnz—ﬁzma (initiation) R,—(CH,—CHR) —CH,—
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Anionic Polymerization Under the 8/074/60/029/05/02/005
Influence of Alkali Metals and Their B0O0B8/B006
Derivatives

-+ + -
-iEBHNa+CH2-CHR - R1-__(CHZ-_EHR)n+1__CH2—_gHRHa (chain reaction),

R 1——((_:52—053)

-+
n+1—cnz—gHNa+nzo — R,—(CH,—CHR) , -—Cl,~—CH,R+NaOH

(chain termination). Chain transfer reactions are also possibles
R ~—CH,~CHWAWACH,—CHla + CE,=CHR — R —CH BWWC He CHR +Clz—HRVa
) ] L A

- 4
(transfer to monomer), R1—-0Hz——gHVVW~CHZ——gHNa+HR' —éﬁ1——CHZ—-§HVVVVCBZ——

~~CH,R+NaR! (transfer to solvent). It is evident from this reaction QK

scheme that the structure of the growing active center differs little
from that of the initial organo-metallic compound. Only the structure
of the organic radical bound to the metal changes. The initiation rate
depends on the nature of the radical of the initial organo-metallic
compound, It can be smaller, equal, or greater than the rate of the
.chain reaction. It is a special property of organo-metallic catalyst
initiated polymerization that, under certain conditions, lengthening

of the chain can be continued until the monomer present in the reaction
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Anionic Polymerization Under the 5/074/60/029/05/02/005
Influence of Alkali Metals and Their B008/B006
Derivatives

mixture is completely used up. The kinetics of polymerization in the
presence of alkali metals have scarcely been investigated. Polymeriza-
tion by metallic lithium and its organic compounds is treated in Refs.

26, 28, 36-55. A special property of monomer polymerization under the
influence of organic alkali-metal compounds is that the structure of

the polymer chain, and thus also the properties of the polymer formed,
depend on the nature of the catalyst and the medium applied (Tables 1, 2).
Polymerization in the presence of "alfin" catalysts is described in lx(
Refs. 37, 56-62 (the term "alfin" was formed at an early investigation
stage of this new catalyst, when it was assumed that only two components -
sodium alcoholates and olefine compounds of sodium - were required for

its preparation). The mechanism of polymerizations initiated by this
catalyst is not yet wholly understood. The nature of the catalyst, how-
ever, and rules observed in the reaction, indicate it to be an anionic
polymerization. The simultaneous occurrence of anionic- and radical
polymerizations in the presence of alkali metals is described in Refs.

2%, 63-70. It was shown that the formation of an ion-radical in the re-
action of an alkali metal with an unsaturated molecule does not always
lead to anionic polymerization. In some cases the competitive radical

Card 4/5

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R099614230002-3

NN LN [ R
AL ;Iz::_':tgjg.msn':; £ il

Anionic Polymerization Umler the Influence 5/077/60/029/05/02/005
of Alkali Metals and Their Derivatives B0O08/B0O06

polymerization predominates, while in other cases, both reaotions occur

simultaneously (Table 3). The preparation of polymers of regular struc-
ture - so-called isotactic and syndiotactic Polymers - by anionic poly-
merization methods are described in Refs. 59, 60, 71-80. It ig mention-
ad that stereoregular polymers can be prepared not only in heterogeneous
systems, but also in homogeneous mediums, but only in the presence of
organo-lithium compounds. Anionic copolymerization is discussed in Refs.
23, 28, 50, 68, 81-90. The latter reaction is widely applied for pre-
paring polymers with valuable properties (Tables 4, 5), It ig finally

tive information on the me-
actions mentioned in this paper. The following persons
are mentioned; I, L. Kondakov, S, V. Lebedev, 1. 1. Ostromyslenskiy,

S. §. Medvedev, A. D, Abkin, 0. D.Mamontova, 4. A. Korotkov, K. B.
Piotrovskiy, V. A, Kropachev, B, A, Dolgoplosk, N. N. Nikolayev, N. N.
Chesnokova, L. B, Trukhmanova, G. Mark, Ye. B. Lyudvig. There are

5 tables and 90 references, 22 of whioh are Soviet,

ASSOCIATION; Fiziko-khimicheskiy in~t im. L. Ya,

Karpova
(Physicochemical Institute imeni L.

Ya. Karpov)
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AUTHORS s -\Q_gntnakhe:,byi,}_._hl!.», Medvedev, S. S., Abkin, A. D.

TITLE: Low-temperature polymerization of ethylene tetrafluoride in
liquid phase by the action of gamma radiation o
PERIODICAL: Vysokomolekulyarnyye soyedineniya, v. 3, no. 2, 1961, 320
TEXT: In this letter to the editor the authors state that they were the
first to examine the liquid phase polymerization of ethylene tetrafluoride
under the action of gamma radiation. PThe polymerization was conducted in
sealed glass phials in the absence of oxygen, at -55°C and 10 roentgen/sec.
Under these conditions, the reaction took place at a high rate and was %
accompanied by the formatiom of a golid polymer. Afer one hour, the yield
of polyethylene tetrafluoride was 154, It was increased up to 95% by a
radiation of 6 hr. The studies were continued by Ye. F. Volkova, A. V.
Fokin, V. M, Belikov (Tezisy dokladov na II Vsesoyuznom gsoveshchanii po
radiatsionnoy khimii, 1960 str. 65 (Theses of the Reports on the 2nd All-
Union Conference of Radiation Chemistry, Moscow, 1960, p. 65) Ref. 1). The
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publications show (S. S. Medvedev, A, D, Abkin, P, M, Khomikovskiy, G. N,
Gerasimov, V. F. Gromov et al.,, Vysokomolek. soyed. 2, 904, 1960, Ref. 2)
that ethylene under similar conditons is polymerized more slowly, This
difference in the polymerization rates of ethylene tetrafluoride and
ethylene may be due to a slower rupture of chgins by recombination in the
polymerization of ethylene tetrafluoride dume to repulsive forces, "The
latter occur in the approximation of perfluorinated radicals of polyethy-
lene tetrafluoride., The slow rate of chain ruptures may also be due to
topochemical peculiarities occurring inég:e polymerization of ethylene te-
trafluoride. [Abstracter's note: this®% a full translation from the
original,] There are 2 Soviet-bloc refe Ances,

SUBMITTED: October 29, 1960
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158610 B101/B208

i

AUTHORS: Arest-Yakubovich, A. A., Gantmakher, A. R., Medvedev, S.S.

TITLE: Conditions of the formation of metalaromatic initiators of
polymerizution

PERIODICAL: Vysckomolekulyarnyye soyedineniya, v. 3%. noc. T, 1961,
1003-1009

PEXT: The paper deals with the problem of catalytic polymerization,
initiated by electron transfer from the atom of the alkali metal to the
molecule of an aromatic compound which has a sufficiently high afflinity
to the electron: He + Ars= Me* + Ar~ (1). The general conditions were
studied fnr the course of this reaction, in order to synthesize metal-
aromatic complexes of different structure and to study the pelymerization
uecnanlis.. 1n *tue presence of such initiaters. All cperations were per-
formed either in high-vacuum cor anhydrous and oxygen-free niftrogen
atmosphere. The following results are given: 1) Interaction between
alkali metals and aromatic compounds in hydrocarbon medium. To prevent
inactivation of the metal by a film from the reaction products with the
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aromatic compound, the experiments were carried out above the melting point
of the metal. Sedium gave at 110-120°C in octane or tocluene no reaction
preducts with naphthalene cr phenanthrene. even after %-8 ar. With
anthracene, Na gave u: snis temperature a red-viclet. at 140-160°C s

black powder. This product was completely soluble in tetrnhydrofuran

(THF) and triethylamine {TEA). These solu“ions had a characteristic aolor.
The eutectic allcy of K with Na (85% K) quickly reacted with naphthalene
and diphenyl at rcom temperature in hydrocarbon medium. (ray-black
powders were fermed. HNo reaction rtcok place in the presence of benzene.

In general, however, metalaromatic complexes will also ve formed in non-
elactron-donor medium. if the metal has a low ionization potential and the
hydrocarbon a high affinity to the electron. 2) Reactions in TEA medium.
Lithium forms with naphthalene a cherry-r2d solution at rocm temperature.
No reaction was observable with diphenyl even after 10 days. Na with
phenanthrene gives only weakly colored solutions, but, with anthracene,
quickly a soluticn which was green in the reflected light, and red in the
transmitted light. A greenish-black film is formed on K under the action
of naphthalene, which was insoluble in TEA. 3) The metalaromatic complexes
were isolated after reaction in THF medium by filtering and subsequent
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evaporation of the gsolvent in the high vacuum. Scdium-navhthalene de-
composed after removing THF to give its initial compenents, sodium-
anthracene was stable. In the complex of potassium-naphthalene, a black
powder, the K/naphthalene ratio was 1:1. In the case of lithium-
naphthalene, THF could not be completely removed. This is explained by

the property of Li to form complexes with etharesal (exygan-containing)
solvents. 4) The initiating effect of metalaroma*:i: sempcunds was

studied on polystyrene. 1In the presence of Na-naphthalene, polymerization
preceeded wvery quickly not only in pure THF but 8lac in -oluene +« 2-45THF.
In the presenne of Na-anthracene (about 10-3 mole /1) polymerization in
toluene - TEA = ":! prcaeednd slowly at 256C, but #as accelerated by a Vi
temperature rise. Na-anthracene initiates styrene peiymerization also

in inert medium (toluena). The solid acdium-arcmatic complex dissolves,

and the reaztiecn rate incrsases more and more. 5) To estimate the A
probability of an interaction boetween alkali metal and aromatic compound
formirg 2cluhie produets, the Tellewing equation is discusszed; '

AE = - L - I+ALSCaSa+Q (4). where AE denotes the change in energy in

the reaction, L *the sublima*ticn hear of the metal, T i-s fenization
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potential, A the affinity of the aromatic compound to the electron, See S5y
the .selvation energy of tha cation and anicn, ragpeatively, and  the
energy of the coulemb interaction between *he la*ter two. Basing on
published data %the following is written for the forma+tion rate of metal-
aromatic complexes: Li < Na ¢ K; benzene < diphenyl < naphthalene <

< phenanthrene < anthracene. But in some casea the cation of lithium
reacts more intensely than K and Na. owing to solvatien. A figure
illustrates schematically the acnditions for *he formation cf metalarcomatic
complexes. There are ! figure, 2 tables, and 29 references: 9 Soviet-bloc
and 18 non-Soviet-bloc. The 4 most impertant references to English-~
language .publications read ag follows: M. Szwarc, M.Levy, R.Milkovich,
J.Ame».Chem.Soc., 78, 2656, 1956; D.H. Richards, IM.Szwarc, Trans. Faraday
Sce., 55, 1644. 1959; J1.P.V. Gracey. A.R. Ubbalchde., J,Chem.Scec., 1955,
4089; R.M. Hedges, F.A.Matsen, J.Chem,Phys., 28, 950, 1958, ‘

ASSOCIATION; Fiziko-khimicheskiy institut im. L.Ya. Karpav
(Physicochemical Institute imeni L. Ya. Karpov)

SUBMITTED: September 8, 1960
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AUTHORS: gpirin, Yu. L., Polyakov, D. K,, Gantimakher, A. R., and
Medvedev, S. S., Academician =

TITLE: Polymerization of styrene, butadiene and isoprens, initiated
by lithium ethyl in various media

PERIODICAL: Akademiya nauk SSSR. Doklady, v. 139, no. 4, 1961, 899-902

TEXT: The authors investigated the separate polymerization and
copolymerizaetion of monomers: a) styrene, b) butadiene, and ¢) isoprens,
which was initiated with lithium ethyl and ocarried out in 1) toluene, 2)
triethylamine (amine), 3) diethyl ether, 4) dioxsne, and 5) tetrahydro-
furan (THF). Thus, the dependence of the reactivity of these monomers on
their structure and on polymerization conditions was to be olarified.

The methods were desoribed in previous studies (Ref. 1: Yu. L, Spirin et
al., Vysokomolek. soyed., 2, 1082 (1960); Ref. 21 L. M. Lanovekaya et al.,
ibid., 1391). In all three cases, the moleoular welght of the polymers
inereassd in 1)-5) with the intensity of polymerization. Its dependance
on the concentration C of the components was close to the ratio M/C (Ref.
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APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3"



"APPROVED FOR RELEASE: 09/17/2001 CIA-R

I

DP86-00513R000614230002-3

; (T I S I 1 T S S 2 N
P YOy Y B S N Y B N

T

P L e TP P P SRSy Y R NNl N T Y ER

25459
§/020/61/139/004/019/025
Polymerization of styrene, butadiene ... B103/B8208

3; M, Szwarc & al. J. Am. Chem. Soc., 78, 2656 (1956), Ref. 41 F. Welch,
ibid. 81, 1345 (1959)). The walls of the dilatometer were subjected to
special treatment when the investigation took place at a low concentration

of the initiator (rv10'5 mole/1), 1In these cases the concentration of

the active centers was determined on the basis of the molecular weight.
In the presence of 2) to 5), & bulb dilatometer melted from one piece of
quartz was used for polymerization, the concentration of actlive centers
being determined spectrophotometrically at a given wavelength. 1)1 BEven
at relatively low concentrations of the initiator, deviations from the
proportional dependence of the rate on the concentration of the initiator
occurred. The rules observed were previously explained (Ref. 1) by the
foru:.tion of mutually associated "live" polymers in hydrocarbon media,
They are inactive during polymerization. The association of the active
centers was also proved viscosimetrically: The viscosity of the solutions
of the "live" Li polyisoprene in toluene dropped considerably due to
deactivation, The equilibrium between the associates and the monomer
centers which are active during polymerizution, is displaced with the
tempsrature rise in the direction of the latter. Thus, the activation
energy of the process is lowered. This takes place even at a
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concontration of the initiator of ~0.5'10'4 mole/l. Thus, an aseociation
exists also under these oconditions. The authors e¢stablished that the
association of the active centers inoreases as follows: Li polystyrene

{ Li polyisoprene ¢ Li polybutadiene. The relative reactivity of the
monomers inoreases as follows: styrene ¢ isoprene < butadiens. 2) - )
Polymerization is accelerated with the introduction of these sclvents,

but the activation energies are reduced correspondingly. THF (0.6%) which
reduces the activation energy of styrene polymerization in toluene from
14,5 to 6.8, has the strongest effect. However, the aotivation energy of

isoprene polymerization in THF rises with temperaturs increase. This
geems to be explained by a degenerate passing on of the c¢hain through the

monomer (Ref. 61 8. Ye. Bresler et al., ZhTF, ser, B, 28, 114 (1956 ).
The association of the "live" polymers is tonsiderably rsduced in the
presence of 2) to 5), since 2) to 5) form complexes with lithium.
Association of the Li polystyrene is abeent in the medium of 2) to 5)
(there is a proportional dependence between the rate of polymerization
and the concentration of the initiator); Li polyisoprene is slightly
gssociated in aminej Li polybutadiene is considerably associated in
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Polymerization of styrene, butadiene ... B103

amine. BEven in THF, which is a solvent of hisyn dissolving capacity, some
agsociations of Li polybutadiene occur. This the authors believe to be

a dependence of the degree of association of the sctive centers on their
construction. In previous studies (Ref.1} Ref. 71 Yu, L. Bpirin & 8l.,
Vysokomolek. soyed., 1, 1258 (1959) ) the authors explained the

peculiarities of the polymerization of non-polar monomers of the above

type by the participation of the lithium componen%, besides the carbanion
component, in the growth of the chain. The introduction of 2) to 5)

which form complexes with the 1ithiun component of the catalyst, reduces
the effect of this component on the growth of the chain. The mechanism

of the process is changed correspondingly. It approaches a typical

anionic polymerisation in the presence of edmixtures of high dissolving
capacity (THF). The authors presume that the reduction of the activation
energy with increasing THF concentration takes place due to the destruction
of associates as well as through a change of the complexes between THF

and the active centers, and through the increase of the dielectric constant
of the medium. Inspite of different dielectric constants of ether and

dixane (4,53 and 2.28 at 20°C), the polymerization of styrene in it
proceeds at & comparable rate and activation energy. The authors also
Card 4/6
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investigated the composition of ocopolymers .. the dystems styrene-
isoprene and styrene-butadiene in the presence of 2) to 5), and calculated
the copolymerization constants for amine and THF. The relative portion
of styrene in the copolymer rises in these systems when 2) to 5) are
introduced. It may be seen from the data that the gffect of the solvents
on separate polymerization and copolymerization is not always the same.

In the presence of THF, the copolymers are strongly enriched with

styrene and correspond to the compositions from vypical anionic processes
(D. E. Kelley, A. V. Tobolsky, J. Am. Chem. Soc., 81, 1597 (1959)). The
relative reactivity of monomers increases in THF, e. g., isoprene
butadiene ¢ styrene. The authors presume that the reactivity of

monomers on separate polymerization in polar media is changed in the

same sequence as in the case of copolymerization. The effect of solvents
1) to 5) on polymerization largely depends on their eleciron-donor /
capacity. Relatively weak electron donors like amine, ether, or dloxane
change the polarization of the Li-C bond only slightly. 1In individual
cases, they even increase the activation energy of chain growth as
compared with hydrocarbon solvents. The strong electron donors (?EF),
however, entirely eliminete the effect of lithium. Thus, the polarization
Card 5/6
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of the Li-C bond is abruptly increased. Ths process ig hare brought
nearer to that of typical anionic polymerization, where the carbanion
forms the active center. There are 1 figure, 2 tables, and 8 referencess
4 Soviet-bloc and 4 non-Soviet-bloc. The most important references to
English-language publications see in the body of the abstract.

ASSOCIATIONs Fiziko-khimicheskiy institut im. L. Ya. Karpova
(Physicochemical Institute imeni L. Ya. Karpov)

SUBMITTED: April 24, 1961

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3

SRS U (el B | SNSRI B THRY N M E |
dp il ety T RV ARIIEERTOTEIN

iR SR

28648
r 1810 2209 37% 2B 5/020/61/139/006/013/022
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AUTHORS: Arest-Yakubovich, A. A.Gantmakher, A. R.and Medvedev, S. 8,
Academician

TITLE: Anionic polymerization in the presence of aromatic compounds
PERIODICALs Akademiya nauk SSSR., Doklady, v. 139, no. 6, 1961, 1351-1353 VL

TEXT: The aim of this article was to find out whether aromatic hydro-
carbons participate in an anionic chain growth. The authors found that
the anionic polymerization of styrene (in tetrahydrofuran, initiated by
sodlum-aromatic complexes) is strongly retarded by anthracene. The
retardation depends on the ratio’of anthracene to styrene. Anthracene
exerts an inhibitory effect both if it is added together with the initiator
(sodium naphthalene or sodium anthracene) and if a styrene - anthracene
mixture is added to "live" polystyrene obtained from sodium naphthalene or
godium diphenyl. The authors conclude that this process takes place with
a constant number of active centers. This number is equal to the amount
of the initiator used and no chain transfer takes place. Henoe, the
mentioyed retardation is not related to the decreass of the number of
Card 1/4 ’
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active centers as a result of the shift of the injtiation equilibrium of \vg

A*+C &2 A+C™ (II) to the left-hand side. A is anthracene and C styrene;
the asterisks denote the ion radicals, i, e. the molecules having an
excess electron. Hence, the excess electrons completely pass from
anthracene into styrene. The lacking of A*in the system was also spectro-
photometrically confirmed. The complete consumption of A* is explained

by an irrevexsible consumption of C* as a result of the reaction with the
monomer and of recombination. Also the low monomer consumption in the
initial stage which results from an abrupt retardation of the growth
reaction in the presence of anthracene contributes to this effect, This
retardation 1is probably related to the participation of anthracene in
growth processes. It is assumed that a joint polymerization of

anthracene and styrene takes pPlace since anthracene is very active in the

participation of
The kinetic effects observed by
anthracene adds to the carbanions
and little active anion since the
This assump.ion was confirmed

radical reactions. Publications contain no data on the
anthracene in anionic copolymerization.
the authors justify the ussumption that
of styrene thus forming a rather stable
charge is considerably delocalized.
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experimentelly. An amount of anthracene that was three times higher than
the number of active centers was added to & solution of "live™ polystyrene
(obtained with sodium naphthalene). The eleotron spectra showed that
anthracene copolymerizes with styrene. In contrast to ordinary "live”
polymer whose spectrum is essentially changed already one day after the
production, the spectrum of the polymer produced from anthracene remains
practically unchanged for three days. The shift of the maximum oan be
explained either by the complex formation between anthracene and the
active centers of polymerization which takes place according to Y, Levy
(Ref. T, see below) or the shifted maximum 445 n4 corresponds to the
anthracene carbanions at the ends of the polymer chains., Large amounts of
naphthalene (up to 50% as referred to styrene) influence neither the
reaction rate nor the moleoular weight. However, they essentislly change
the spectrum of the "live" polymec. The maximum at 340m/1 disappears
while maxima.at 430 and 550 mu reappear. The polymer is oapable of
absorbing further monomer portions while keeping its changed spectrum.
The polymerization of a less active monomer as, 6. 8., butadiene, is more
strongly inhibited by, anthracene. Thus, anionic polymerization of buta-
diene at 20°C practically stops already at an anthracene-to-butadiene
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Anionic polymerization in the presence .., B103/B101

ratio of 1 : 30, It is concluded from the spectral data that "live"
polybutadiene reacts with anthracene in the same way as "live" polystyreneO{
There are 2 figures and 11 references, 3 Soviet and 8 non-Boviet. The

two most important references to English-language publications read as
follows: Ref. 1: M. Szwarc, M. Levy, R. Milsiovich, J. Am. Chenm. Soc.,

18, 2656 (1956); Ref. 7: M. Levy, F. Cohen-Bosidan, Polymer, 1, 517 (1960).

ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova
(Physicochemical Institute imeni L. Ya. Karpov)

SUBMITTED: May 18, 1961
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AUTHORS: Zabolotskaya, Ye. V., Khodzhemirov, V. A., Qantmakher, A. R,
and Medvedev, 5. S., Academician ————
TITLE: Polymerization and copolymerization of isoprene under the

action of a-TiCli-Al(Czﬂa)3
PERIODICAL: Akademiya nauk SSSR. Doklady, v. 140, no. 4, 1961, 825 - 828

PEXT: The authors studied the kinetics of polymerization of isoprene glone
and together with styrene under the action of titanium trichloride and
triethyl aluminum, To prevent precipitation of the polymer, benzene was
used as solvent. Polymerization was carried out dilatometrically. The
components were dosed in analogy with data in Ref. 1 (Ye. V. Zabolotskaya,
A. R. Gantmakher, S. S. Medvedev, Vysokomolek. sqyed., 2, No. 8, 1213
(1960)). All kinetic data were jetermined at 75°C, the degree of conversion
did not exceed 10% by weight. Viscosity, molecular weights, and
compositions of polymers were determined in dry argon atmosphere. The
averasge-weight molecular weights (Mw) were measured by the light gcattering
method, the average-number molecular weights (Mn) by the osmotic method. U))//
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The compositions of copolymers were determined by IR spectroscopy. The
autnors thank ¥. V. Makletsova and A. P. Golovina for meesuring the
molecular weights, and N. V. Desyatove for carrying out the spectrometric
measurements., When studying the polymerization of isoprens, polymerization
rate and titanium chloride concentration par unit volume were found to

be linearly dependent. This indicates that the number of active centers

13 determined by the concentration of the TiClSaAl(CZHr_)5 complex on

the surface of TiCl,. All experiments were performed with TiCl, of a
5

3
medium grain size of 1.5-2, . The relation between polymerization rate
and monomer concentration, however, is not linear, polymerization rate
increases more slowly than isoprene concentration. Polymerization
probably takes place on the catalyst surface via complex formation of

the monomer with the titanium component of the catalyst, and subsequent
penetration of a polarized monomer intc the Al-C bond. The total
activation energy of polymerization was determined to be 12 kcal/mole

from the temperature dependence of the polymerization raie of isoprene at
60 - 9500, Table ' shows the results of molecular weight determinations.
The ratio Mw/Mn 13 close to unity, which indicates that the resultant }
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polyisoprene exists in the monodisperse phase. The molecular weight
depends slightly on the monomer concentrations. ‘hen studying the
copolymerization of isoprene and styrene, the composition of copolymers
and the polymerization rate were determined as a function of the composi-
tion of the initial mixture (Figs. 2, 3). It may be seen from Fig. 2 that
the copolymers are considerably enriched in isoprene as compared with the
composition of the initial mixture. Fig. 3 shows that the rate of
copolymerization is much lower than the rates of separate polymerizations
of isoprene and styrene. The inhibitory effect of isoprene is
particularly high if it is added to styrene in small quantity. The
inhibitory effect is due to the reduced reaction rate when a polarized
monomer enters the Al-C bond of the transition complex of the chain with
the catalyst. This decrease in rate takes place when the styrene nolecule
in the end group of the chain is replaced by isoprene. It was found that
the molecular weights ¢f polymers vary cymbately with a change in polymeri-
zation rate at different compositions of the initial mixture (comparison
of data from Table 1 with Fig. 3). There are 3 figures, 1 table, and

8 references: 3 Soviet and 5 non-Soviet. The three references to English-
language publications read as follows: J. Still, Chem. Rev., 58, 541
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(1958); G. Natta, J. Pasquon, Advances in Catalysis, 11, 68 (1959); N. G.
Gaylord, Trans. N. Y. Acad. Sci., 22, N2 6, 387 (1960).

ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physico-
chemical Institute imeni L. Ya. Karpov)

SUBMITTED: May 29, 1961

Table 1. Molecular weights of po%ymers (the molecular weight of
polysiyrene is of the order of 10° (Ref. 1)).

Legend: (1) moles/liter; (2) moles/liter-min; (3) isoprene in the initial
mixture, mole%; (4) molecular weight-10-3.
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AUTHORS: Basova, R. V., Gantmakh»grl A. R.
TITLE: Polymerization of unsaturated compounds in the presence of
K metal and organopotassium compounds in hydrocarbon medisa
PLRIODICAL: Vysokomolekulyarnyye goyedineniya,.v. 4, no. 3, 1962 ,/”r
361-365 (e 1503)

TEXT: The authors studied the separate and joint polymerizetion of
styrene (I), isoprene (II), butadiene (1I11), and a-methyl styrene (IV) in
the presence of K metal and organopotassium compounds in hydrocarbons.

In separate polymerization, chain transfer was studied in the presence of
hydrocarbons with different proton donor properties. According to P. P.
Shorygin (Issledovaniya v oblasti metalloorganicheskikh soyedineniy 0/4//
natriya (Studies in the field of organometallic Na compounds), ¥. 1910)

the reaction ~R'K + RH —~R'H + RK (1) takes place, with R' = the polymer
carbanion, and RH = hydrocarbon. Vhether transfer, degenerate transfer,

on chain rupture take place depends on the acidity of RE and stability of
R. With the exception of IV, 100;‘3 conversion was reached. Polymerization

Card/f7~3
L=

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3

R T Y S R B T T TR T 7 S e R N 5 - CHET S 1 M . M b

Bl

s/190/62/004/003/G06/023
Polymerization of unsaturated ... B110/B144

of I in toluene and benzene yielded polystyrenes having molecular weightis
of 135,000, and 350,000. It was polymerized in venzene, cumene,
isobutylene, and toluene, metallization of which incresses in the given
order. The copolymerization of I, II, and III (ratio 1 : 1) in hydrocarbons,
with a conversion of < 30% at 09C, was initiated by benzyl potassiua.
Refractometric and infrared spectroscopic studies revealed decreasing
activity in the monomer sequence I)III?II. Since the K-R bond is more
polar than the Na-R and Li-R bonds, the polymerization with organopotassium
compounds is similar to anion polymerization, even in a hydrocarbon

medium. In the presence of K metal there are much more anion than radical
reactions, since the I-II copolymer obiained with benzyl potessium contains
more T than that obtained with K metal. "The polymerization of III in
benzene, initiated by K metal, yielded colored, highly viscous poly-
butadiene. When using cumene, the solutions remained intenaively colored,
and the molecular weight was constant. The drop in molecular weight was
smaller on transition from benzene into toluene (362,000 -~ 41,700) since --
polybutadiene carbanion is likely to be more stable than polyigoprene
carbanion. Benzyl potassium initiates the polymerization of the more
active butadiene with formation of high-molecular potassium polybutadienc.

Degenerate transfer, metallization of the CH, group of IV, and formation
Card 2/3 3
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capability of toluene of active chain transfer in the volymerization of II

Y
and III is due *to the lower stability of polyisoprene and polybutadiene
carbanions toward benzyl carbanions. The polymerization of nonpolar
monomers in hydrocarbons, initiated by Na and Li netals, is no anion
polymerization and causes no chazin transfer. There are 2 tables. The
most important reference to English-language publications reeds os

follows: A. A. Morton, M. L. Brown, J. Amer. Chem. Soc., 69, 160, 1947. L/r/’

of a stable cartanion took place even in the pregence of toluena. The
2
an

ASSCCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physico-
chemical Institute imeni L. Ya. Karpov)

SUBMITTED; Pebruary 18, 1961

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3"



"APPROVED FOR RELEASE: 09/17/2001

| 5
Gatiiiel

CIA-RDP86-00513R000614230002-3

T A s i o - )

T e I

3735
$/190/62/004/005/011/026
- B110/B1
572420 44
AUTHORS: Solovykh, D. A., Arest-Yakubovich, A. A., Gantmakher, A. R.,
. Medvedev, S. S. -
TITLE: ' Polymerization of styrene and butadiene initiated by sodium

naphthalene in weakly polar media

PEZRIODICAL: Vysokomolekulyarnyye soyedineniya, v. 4, no. 5, 1962,
702-703

DEXT: The activation energy and rate constants of the homogeneous

polymerization of styrene and butadiene with organosodium initiators in
hydrocarbon media in the presence of small tetrahydrofuran additions were
determined for the first time by & two-stage method. First, "live™ polymers

were obtained by preliminary polymerization of nf1/6 of tho monomor with /%
sodium naphthalene in a tetrahydrofuran medium, and were then used a8
polymerization initiators in toluene or cumene with tetrahydrofuran. The
polymerization rate was measurad between -60 and -}5°C and the initiator
concentration was determined from c = 2m/M, where m is the amount of

polymerized monomeT in g, ¢ is the number of initiator moles, and M is the

Card 1 %
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, molecular weight of the polymer. Toluene caused chain transfer during

butadiene polymerization with 6.5% tetrahydrofuran. The pelymerization
rate of styrene and butadiene in toluene was found to increase with

transition from organolithiug to organosodium initiators. There is
1 table.

ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya.

Karpova
(Physicochemical Institute imeni

L. Ya. Karpov)
SUBMITTED: March 31, 1961
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Association of organolithium o B10O1

-d[M]/dt - K M| [LiR]1/n (1), n>1 for chain propagation showed that n

depends on the carbanion structure. Ppor polystyrene n>2, for poly- .
isoprene n~3 - 4, and for polybutadiene n>~% - 6, The following reaction 7'
for chain propagation is established; v

K,.
2i-1

RM_Li + (Rmxz.i)i_1 ? (RMxLi)i; i=2,3,4,..;
2i

K
. 3 - r3 '] » I ﬁ Y v
RY L1+ 1 > RM,JLi. -d[M]/dt = xp[m} i[(}.4...x2n)/(nx3.. "‘2n-1),5[' L

which shows good agreement with the experimental equation (1), The
slight change in activation energy brought about by changing the initiator
concentration approximately the 10 -fold, proves the §tability of tha
mposition. The active cenlaery we
! ethyl lithium concentration of

moles/l. There are 3 figures and 1 table. The most important
English-language references are: F. Welch, J. Am. Chen. Soc., 81, 1345
(1959); ». I. Worsfold, S. Bywater, Canad. J. Chem. 38, 1891, (1960),
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AUTHOR: . Basova, R, V., Arest-Yekuoovich, A, A., Si‘i:lovykl’u,: D. A., )77

Desyatova, N. V., Gentiakher, A, R., and lEdvedev S5,

e ‘ Lo o
TITLE: rolymerization‘of busadiene\in the presente of wlkoli metals ‘
' and their compounds in Gifferent media o Y

 PERIODICAL:  Akademiye nauk SSSR. . Doklady, v. 1k9, no. 5, 1963, 1067-1070

- TEXT: Literature on the polymerization of dienes, initinted. by alkali metals
" and taeir compounds, notes that the proportion of structires ]é:hare.cteristic :
of the anion tyve of polymerization, contrary to expectations, &ecreases with:
. ‘increasing polarity of the Me-R bond (Me -~ alkali metal) in Hydrocsrbon | i :
-media. The authors of this work, devoted to investigation of the effect of ¥
DPolymerization conditions on the structure of butadiene,pay special attention '

- %o this problem. The investigation was perforrmed under vacuwi ¢onditions i

vith pricr thorough cleaning of monomers ang solvents. ' The resulis obtained -

show that the increase in the propvortion of 1,2-structures of polyoutadiene
and 3,b-structures of polyiscprene flobserved upon transition firom potassium

to sodium compounds in & hyasicarbor| medium 1s due to the prespnee of
Impurities solvating the opposite-chbrged fons. There are 2 tables.

| ASSOCIATION: . Fiziko-kaimicheskiy institut im. L. Ya. Kerpova (baysicow | -
chemical Institute imeni I, Ya. Karpev)  SOEMITIEN:. January 10, 1963
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POLYAKOV, D.K.; SPIRIN, Yu.L.; GANTMAKHER, A.R.; MEDVEDEV, S.S., akademik
Nature of carbon - alkali metal bond studied by means of electron
absorption spectra. Dokl, AN SSSR 150 no,5:1051-1054 Je 163,

(MIRA 16:8)
1, Fiziko-khimicheskiy institut im, L.Ya.Karpova,
(Chemical bonds) (Carbanions~-Absorption spectra)
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ACCESSIMN NR: AP4009149.

AUTHORS: Zabolotskaya, Ye. V.; Khodzhemirov, V. A.; Gentmakher, A. R.; Fedvedev,

S. S. [kt sl LT

TITLE: Polymerization and corolymeriz~tion of isoprene in the presence of alpha-

SOURCEs Vy*sokomolekulyarny*ye soyedineniva, v, 6, no. 1, 1964, 76-80

TOFIC TAGSt polymerization, copolymerizrtion, isoprene, styrene, catslyst, alpha
titanium trichloride, triethyl sluminum, polvmerization rate, copolymerization rate,
activation enérgy :

ABSTRACT: The polymerization of isoprene and its copolymerization with styrene were
conducted in benzene, in the presence of alpha-TiClq - 51(0235)3' The work was done

at 75C, and the extent of polymerization did not exceed 10%. The polymers were
reprecipltated by methanol and subjected to chemicel enalysis, determination of
viscosity, molecular weight, and infrered spectroscopy. 7hen 0.97-3.03 Vol/liter
concentrations of isoprene (constant amount of catalyst) were tested, it was
observed thet the molecular weights of the obtsined polymers were independent of the

1/2
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. 1soprene.concentration, and that the increase in polymerization rate was not }
: proportional to the concentration of the monomer. But the polymerizetion rate of

" isoprene proved to be proportional to the amount of '1‘1013, as 1s also the case with

styrene and the olefines., Within a temperature range of 60-95C the yield of the
polymer increased with the temperature, The overall activetion energy of isoprene

; Polymerizetion was estimated as 13 + 0.5 Keel/¥ole. The copolymerizetion of -

. isoprene with styrene showed that an 8.5% sddition of isoprens hed a three- to four-

, fold lowering effect on the polymerization rate of styrens and on its molecular

. weight., The copolymers were grestly enriched in isoprens. The addition of styrene

. to the isoprene monomer lowered the polymerization rate of isoprene more modereiel .
Thanks are given to N, V, Fakletsov and L. P, Golovin for molecular weight deter-
minations, and to N. V. Desyrtov for analysis of composition of the polyners. Orig.
art. has: 2 tables and & charts.

ASSOCIATTC(N: Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physicel-Chemical

Institute)

SUBNITTED: O7Mugé2 DATE ACQ: 1OFeby ENCL: 00
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»

AUTHORS: Zabolotskaya, Ye. V.4 Khodzhemirov, V. A.; Cantzakher, A. R. 3 l(.dv'odov,
s. S. T e

TITLE: Investigation of polyﬁariia.tion mechanisa in i-bpreno with styrenme.catalyzed
by o= T;;c13 - .u(c2215)5 : _

SOURCE: Vy*sokomolekulyarny*ye soyedineniya, v. 6, no. 1, 1964, 81-85

TOPIC TAGS: polymerization, styrene, catalyst, isoprene, copolymer chain, monomer,
differential composition .

ABSTRACT: The mechanism of the o - ’1‘;'1(213 - A1(c H )3 ocmbination catalyzed polymer-
ization and copolymerization of -1aoprene”and ntyl?‘a e’has been investigated. It is
assumed that in the primary initiation, the reaction CHR~Clfs—CH,
. -t fp iR / )
NAte” T Y ;
;>M.":~c1 :'?Ti( *>. A.l"-cxf'n< et

-

has no effect on the poljmerization rate, and the polymer 'mlocule dimenaic;n is
limited by the reaction break-off of molecular chains, The polymerization rates for
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styrene and isoprene then Yield respectively v A=kipa,’  The rate constant ke

1
7 : Va #krraq-: 4
of isoprene molecule transition is determined from the catalytio complex to the

copolymer chain as 4.15 x 10'2n1n°1. From differential rate equations descr"ibing
the entry of each monomer (styrene A, isoprene B) into a copolymer, equationa of
differential composition of the polymer for each monoaer are derived

Pt kA‘A'kA ,Al !

ﬁ'__ —— _’_ i .
dd _ [A)kaop-dy (B] " T » from which copolymerization constants r and r.

9B ™ [B] “kyoghy (A] . A B &r¢
- g aka T |

determined as being 0.1 and 6.0, respectively. It has been shown that inhibition of
styrene polymerization by small isoprene additions is due to a decrease in styrene
molecule addition rate to the end of the polymer chain when this unit is an

isoprene rather than a styrene rosidue. Orig. art. hu.z 16 formulas, 1 figure, and -
1 table. . .

ASSOCIATISJN: Piziko-khimicheskii institut im. L. Ya. Karpova (Physioochemical
Institute T _ ) :
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BASOVA, R.V.; GANTHMAKHER, A.R.; MEDVEDEY , 5.5,, akademik
Processes of anion and anion-coordination polymerization as

influenced by the nature of active centers. Dokl, AN 8SSR
158 no.4:876~879 0 16/, (MIRA 17:11)

1. Fiziko-khimicheskiy institut im. L.Ya. Karpova,
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LYUDVIG, Ye,.B. (iAN'H@KHER, sl 7 MEDVIDEV, $.S., akademix

Mechanism of cationic polymerization in the presence of metal
halides, Dokl, AN SSSR 156 no. 5:1163-1166 Je 164,

(MIRA 17:6)

1. Fiziko-khimicheskiy institut im. L.Ya .Karpova,
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' AUTHOR: Ro zenberg, B. A., Chekhuta o. M., Ixu_m Y _j" : ;m

; Me__r_e;d.e_!.;_f."_s_ ,

s TITLE Kinsticsandequﬂibrium of the merlz ﬂo'ofha *nhydiiofuran i

,. m}cy}nxonium salts
-}'sovncn- Vy*aokomolelnﬂyarmr*ye soyedlnentya, v. e. 1o} |

-1 TOPIC TAGS: triauquoxonium. tetrahydrofurun. pzooxc pam‘rr
s zatxon, tetraﬂuoroborabe cutionic polymorizaﬁou L

ABSTRACT' The kinietics of the polymerization of betrahyd:r

| -soluition in diethyl ether, under the influence of tristhyloxoni
| vestigated by a dilatometric method. The charactsristics df
" substances are given. - The kinotic ourves at different Initidllj

/ ]»oth in blqck ani i

iin

m telt'afluoroborits wa

cutal\

- given, showing that the rate of polymerizaﬂon is direcily pr
of catalyst and is described by the equation d[M]/(Mka[Co} ([
stant of the polymerization at 20C determinad from the expex
x 10" liter})x‘t)mle. sec. A study o[ tha effect of tt'e oalnlys

8 in-

the chialyst and dn inifial
ﬁm com,entrqt longiare -
por uu 1l to the eb cenﬁrahon
i]):  Tha rite cpn-
laen slgda.ta. is em{al tq 1.66
: iou on by malacu]ar
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7'+ weight.of the forming polymer- showed that over the antration rar 9 ‘mol

! liter the molecular weight is inversely proporticnal fo the ca st cx seritration. | Tab

' lated data show that at a constant concentration of catalyst (0.9 } moléi/liter), the inolecu- |

" lar weight increases with increasing amount of polymerized motiome | Over a zjpperya~ o

-1 ture ringe of 0-40C, the rate of polymerization, thu equilibrluin statia jnd the mojecular

* |. weight were found to be highly dependent on tempernture; Trajn the lemperatury depan- .
"1 dence of the rate constant, the energy of activation was E-13i d keal, inple sid the|predx- .-

-+ | ponential factor A=1.64 x 10~8 liter/mole. sec, . The molecu aht decreased condiid~

.| erably witk increasing temperature, “The equilibritum concen + i, the mwonomer dur-
“' ing polymerization was independent of the initinl concentratianp of catd st and gmomer -

" and depended only on the temperature.  On the hasis of this doj'x oil, the chahge'iiy -

" enthalpy and entropy of polymerization was calculated: A H = .5 lgsal/mole; &
- _20.8 val/mole. deg. The limiting temperature of bloclt po ‘
equation Te = OH /A8 + R log [My] ip 73C. Ovig.;art. has:
0 formula, - ' SR TR T AR
| ASSOCIATION: Donetskoye otdsleniye instituta organicheskay [Khinm; | AN USSR (;'D ) :
~ i the Insttute of Organic Chemistry; AN Ukr, S8R}); I'iz d~-himicheskly inj
7.7 tut im. L. Ya. Karpova (Institutc of Dhysical Chemistry) - i i 1 B

i
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AUTHOR- Rozenberg, B. A., Lyudvlg, Ye. B. 3 Cantmakhar, A R, v ;'{ed\mdev.E

; TITL]. . Mechzmism of the induced polymarizatiotﬂoi cemh,ym Q[ur;!;;\.rjbdf‘med b5
trialkyloxonium salte - E |:§ T : o

somzcs- Vy*sokomolakulyarny*ye soyedirneniya,v. _c, 1o, 1, 19&4? ‘2035 203< R

s ’ 'I‘OPIL, TAGS betrahydrofuran, boron ﬁuoride etherabe epic’rllnmu ¥
i Hving polymer, polytstramsthylano oxida. tr‘allwlaxnnium ‘aalfl; oem; ' yu.l murm :
,_1zation, catiomc polymerizaﬁon R R R RNt BER

ABSTRACT~ ‘Thu mechanism of ‘the cahonic polvmerization off latn 1ydrofura
‘i~ gated and the peculiarities of the polymerization induced by {x inlicyloxoniux
.. 1. discussed on the basis of the given reaction mechanisms, By the a zﬂvticml mae Hod.
" it was found that the initiation of the polymerization of tetraly Ji:ofurdy in the prepen
" the system boron fluoride etherate + epichlorchydrin proceedt with, hca formation .of
- tinct jon pairs and an internal oxonium salt. -The peculiarity uf the pirahydrofiu
' merization is that, in contrast to the cationic polymerization i hf vir{yl »t'ompoumls e
i growing ion is oxonium and not curbon. Infrared spech:a sﬂmw the cumpleﬁe abpgnor
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The molecular

tration of the monomer with Increasing tvmperature, On'the hiajis of {hup
omer concentration, the rate constant of the reversible reacticn | i
4,67 x 10~2 gec-1 (at 20C). From the temperature dependence i thig c@;nst:_mt, the
preexponential factor of the depolymerizatiof}. ; (
this relationship are F=19.4 keal/molo and A=1.65 x. 1013, 1t wits _
"+ weights of polytetramethylene oxide are in disagroement with:thy: i pxpacted pécord
Orig. art, has: 2 figures, 1 tablo and '1f it li P

tion energy and the

ing to the M/C thsory.

i
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polymerization was also studied and watsp was {found to bo the
addition does not affect the rato of polymorization, hut deeronids
weight also decroases with Incrensivg tomporntuj
the decrease in molecular weight is determined not by the decrd die 11y the ratio bot

' and the rate constant of chain rupty
| Polymerization of unsabirated compounds, but by the decreasq Jju
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TITLE Inn.uence of the. nature. of. the
: anionic—coordinatmn p_g_]merization '

,AAbstract'u The- Lnfluence of the nature',
-structure and. properties of the: active aites Anipolymer at
_.organopotassium compound§7was studied,’ The kinetica ¢
“alpha-methylatyrene f| styrene isoprene, enc’ butgdfena ay i
‘in-hydrocarbon mediun (benzene\ toluene,'cumene) an: and in t
of .tetrahydrofuran (0.5 to 50%) at various femperature s
dilatometric method, and the molecular ~weighta of the corre
. were determined, Organopotasaium compounds syntheaized A hird
: (1,2) or in tetrahdrofuran medium (3,4) were used in iniltaikqe
‘potasgium; 2) low-molecular: dipotnaaiumpoly-alpha-mathyls‘yu a
i paphthalene; 4) dipotssium tetramer of alpha-meéhyiscymn '

w] the .monomers_increased in the_ sequene
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!.butadiene \styrene. 'I’he “rate: of the: initiat n of p 1ye
various monomers in hydrocarbon medxum at 02 .in :
.increased with increasing activity.of. the monomers.fin the wq it
‘< butadiene - <. styrene; in the case of dipotagsium. pcly~a1ph“}
{a compourid with a less gable carbanion; -even the polymerizaki‘
itook place without an induction peried. - ‘In.the polymerizatidgj o
methylstyrene with organopotassium com;ounda in 8 mixture off jn
{'toluene with tetrahydrofuran (-~ 50%), aven at 309 the mo ] e
‘of poly-alpha-methylastyrene was lower than eucpeeted, Andieatin
fof a reaction of chain transfer through the mondsmezu ()ri;g

*1graphand'1‘tab1e. . B
 ASSOCIATICN: Hzﬂm-khmicheald.y imstitut m. _L. Ya. Kmm |
.Institute) e e L
SUBMITTED| 25"835‘4
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RUSZHBERLHG, Buoae; Lidlivia, fe,b0,.3 Gal Sefle mLUVLLEY, S0,

ifeet of resciion chain transfer to polyzer in uns catlonie
polymerization of oxygen-containing cy:lic compounds. Vysokom,
sced, 7 no.1:188-18% Ja 165, (MIRA 18:5)
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LANOVSKAYA, L.M.; MAKLETIOVA, N.V. (deceased); GANTMAKHER, A.R.;
MEDVEDEV, S.S.

Polymerization of' ethylene in the presence of various composite
catalysts based va TiClj. Vysokom. soed. 7 no.4:741-"746 Ap 'AA.

Nature of the active centers in the processes of polymerization
in the presence c:’ composite catalysts based on TiClj. Ibid.:
747-750

(MIRA 18:6)
1. Fiziko-khimicheskiy institut imeni Karpova, Yoskva.
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PRONINA, I.A.; SPIRIN, Yi,L.; BLAGONRAVOVA A.A.; AREF! AKHER,
o iig 3 o. YEV oilie §
ARuj MEDVEDEV, i.5., akademik = b Sty GRIDIARGER,
Msechanism underlying the catalytic action of Co<4 compounds in
the urethane-forning reaction., Dokl, AN SSSR 161 no,2:362-365 Mr

'
65, (MIRA 18:14)
1. Gosudarstvennyyr nauchno-* ~sledovatel'skiy 1 proyektnyy institut

lakokrasochnoy promyshlennosti i Fiziko-khimicheskiy institut im
L.Ya.Karpova, )
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mater. ob., 5(47), (1939), 101-146.
On the clarsification of recl sim; c lic grou"'. ‘utc" uJ-, >(17)
0 trekhchlennyikh Prost ith podg rnﬂa o
fiz.-mates. CTD. (1940).

crm lyeey

Qb odner. spetsialinor. ‘lgssc determinantov v svyazi s interrallrini jadrard
Kelloz'a. T'sten. Qb., 42(1935), 5I1-507 . ‘
Kalrebraicheskonu analisu metoda adal, ALi5 iwylova yrzobravannlga V2i0VOL0
—, = <l : o ' . .r-’r‘
uravreriya. L., Trudy vBoropo vsecoyuan, Yatem. s"eo , To 2(1936), L5-47.
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- Arocket consists of three parts: (i} metall mpo
which temain unaltered during fight, (i) i prog iflan
s consumed dufing. the burning. period and i)
© gases fin-the interor of the bady. Eventually !
ss_out-il rough the exit plane.of the i
Tonger considered to forin par tof the hody; ]
hody their mass is negligible i cumparizon wish the toral o s P . =Ha s, Th
riass, but they possess a high velocity refative 1o the pilbts . ST R i ' y 1,6 ris:;. alég ,
fi) and fii). Dy constdering the lnear and angular momen- 2° I Fuleits o e :
tum of the syslens S and ¥ which cousist of those purts of '
e rocket which st some fixed instant o rime ¢ helo P L
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no. 1238, 21 pp. {19305, ' T i
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GANTMARMER 5.
PHASE IT TREASURE ISLAND BIBLIOGRAPHICAL REPORT AID 433 - 11

BOQK Call No.: QA263.G3‘
Authors; GANTMAKHER, F. R, and KREYN, M. G. —
Full Title: OSCILLATION MATRICES AND KERNELS, AND SMALL OSCILLATIONS
OF MECHANICAL SYSTEMS. 2nd revised edition
Transliterated Title: Ostsillyatsionnyye matritsy 1 yadra 1 malyye
kolebaniya mekhanicheskilkh sistem. 2-e 1zd,.
Publishing Data - '

Originating Agency: None
Publishing House: State Publishing House of Technical and

Theoretical Literature
Date: 1950 No. pp.: 359 No. of copies: 4,000
Editorial Staff: The authors have used the valuable remarks made about
the first edition by Doctor V. L. Shmulian of the Academy of Sclences,
killed in World War II. ‘ :

Text Data : :
Coverage: The book is divided in five chapters and two appendices, which

Inelude: 3 general knowledge of the matrix theory and quadratic forms;
theory of oscillation matrices; small osclllations of g mechanieal
s8ystem of N masses in a linear elastic continuum with reference to
Jacoblan matrices; small osclllations of a mechanical system with an
infinite number of degrees of freedom; algebra of matrices with the

1/17
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SATITIMAKH CX, v,

"PHASE ‘T TREASURE ISLAND BIBLIOGRAPHICAL REPORT AID 434 - 1

BOOK Call No.: QA263.G35

Author: GANTMAKHER, F. R.

Full Title: THE THEORY OF MATRICES

Transliterated Title: Teoriya matrits

Publishing Data \
Originating Agency: None
Publishing House: State Publishing House of Technical and
Theoretical Literature

Date: 1953 No. pp.: 491 No. of copies: 5,000

Editorial Staff: Faddeyev, D. K., Potapov, V. P., Kotelyanskiy, D. M.,
Kreyn, M. G. and Uzkov, A, I. gave valuable suggestions after :
reading the manuscript.

Text Data :
Coverage: The book 1s based on lectures given by the author for 17

years 1n the State universities of Moscow and Tbilisi, and in the
Moscow Physico-Technical Institute. The author states that there
18 no book in Russian and forelgn literatures which covers fully
the problems of the theory of matrices and its various applications.
His book f1l1ls this gap.

The book 1s dedicated not only to students in pure mathematics, but
also to speclalists in conneciﬁg fields (physicists and engineers).
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Teoriya matrits AID 434 - 1

Higher mathematical knowledge 18 a prerequisite. Constant references
in the text and in footnotes to the original sources give a sound

basis to the author's statements.

In analyzing this book the text was compared with the following
English texts:

Linear Algebra and Matrix Theory (1952) by R. R. Stoll

Lectures on Matrices (19347 by *. H. M. Wedderburn :

The Theory of Determinants, Matrices and Invariants (1928) by
H. W, Turnbu

Introduction to the Theory of Canonical Matrices (1932) by
« W. Turnbull an . C. en ,
The Algebra of Veotors and Matrices (1951) by T. L. Wade
ectors an rlces ¥y C. C. MacDuffee
The Theory of Matrlces (1933) by c. c. MacDurfee
Operational Methods In Applied Mathematics (1948) by
- 5. Carslaw and J. C. Jaeger X
An Introduction to Probability Theory (1950) by W. Feller

The book may be regarded as a fundamental text in the matrix theory.

Its value 18 in the comprehensive accumulation of practically every-

thing, previously widely dispégyed, pertaining to matrices and their
5
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applications to other branches of science (e.g., theory of probability,
oscillation theory, stablility of motion, etc.). A characteristic of
the book 13 1its laconicism in the deductions of the formulae and the
absence of some detailed definitions, which uzually form an integral
part In the available English texts selected for comparison and
mentioned above. This can be explained by the fact that this 1s an
advanced course. The book appears to be a good reference book, well
planned and written.

TABLE OF CONTENTS is presented here in abbreviated form: only the titles
of the chapters are mentioned and under them only the items not found
in the English texts or pertaining to Russian authors are cited.

| PAGES

Introduction T-10
PART I. FUNDAMENTALS OF THE THEORY

Ch. I Matrices and Operations with Them ~ -11-27

Ch. II  Gauss Algorithm and Its Applications . 28-48

Ch. III Linear Operators in a h-Dimension Vector Space - 4968

Ch. IV ~ Characteristic and Minimum Matpic Polynomials 69--82

Generalization of Bézout theorem (p. 72). The method of
D. K. Faddeyev of simultaneous calculation of coefficients
of the characteristin polynomial and companion matrix (p.77).
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PAGES
Ch. V  Functions of a Matrix 83-109
Stability of motion in a linear system (solution of
%yapungy’s general problem of stability of motion)
p. 106).
Ch. VI  Equivalent Transformations of Polynomial Matrices.
Analytical Theory of Elementary Divisors 110-145

Ch. VII Structure of a Linear Operator in K ~Dimensiun
Space., Geometrlc Theory of Elementary Divisors  146-177
Method of Academician A. N, Krylov (1937) of determining
effectively the minimum polynomial characteristic of a
secular-equation (pp. 167-177)., /Numerical solution of
a secular equation was also given by A. M. Danilevskiy
in 1937, see Matem. Sborn. 44-2, 1937, 169-172/.

{Ch. VIII Matrix Equatlons 178-198

'Ch. IX Linear Operators in Unitary Vector Space 199-288

Ch. X Quadratic and Hermitian Forms 239-281
. PART II SPECIAL QUESTIONS AND APPLICATIONS

Ch. XI Complex Symmetric Matrices, Skew-Symmetric (or
Alternate? Matrices, and Orthogonal Matrices 282-299

Ch. XII Singular Matrix Pencil 300-320
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(pp. 415—418)
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. Literature
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Card 1/1
Authors

Title :

Periodical

Abstract

Institution :

Submitted

e e e e e e o

USSR/Mathematics - Stability

Ayzerman, M. A.; Gantmakher, F, R.

Conditions for the existence of a reglon of stability for a single-
circuit system of automatic regulation

Prikl. mat. i mekh., 18, 103-122, Jan/Feb 1954

A single-circuit system is described by systems of linear differential
equations with constant real coefficients. For each different system,
necessary and sufficient conditions are proved for the existence of a
region of stability. The basic result of the article is a necessity

theorem for a ~v~tem whose characteristic equation has the form:

0D ) +5®p) = 0.

Moscow Physicotechnical Institute, Moscow

September 12, 1953
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Pub. 85-7/16
Author : Ayzerman, M. A., and Gantmakher, F. R. (Moscow) )
. Title : A cla

s5 of dynamic problems that feduce to the theory of relay systems

" Periodical : Prikl. mat. i mekh., Vol. 19, 222-224, Mar-Apr 1955
Abgtract

..

The author studies an oscillatory system described by the following equa-

tions: a13(p)xy-Myz = Asin(wtiag), z = £ 2 (tensor summation convention
applies to repeated indices; i.1,..,n; 9-37 t), where x4 and & are gen-
eralized coordinates of the system, did(p) are polynomials with real co-
efficients; w,Mi,Ay,8{ are given numbers, and function f(xk) corresponds to
one of the graphs shown of step function. He notes that many problems of
the theory of oseillations reduce to the determination of the periodic eo-
lution of the above system, where self-excited oscillations are represented
by all Ai-0 and A{ not zero represent forced oscillations in the zone of
damping. Ten references (e.g. Ya. Z. Tsypkin, "Forced oseillations in re-
lay systems of automatic regulation," Avtom. i telem., Vol. 13, No 5, 1952;

"Stability of periodic regimes in relay systems of automatic reguiation,”
ibid., Vol. 1k, Mo 5, 195k ).

Institution : -

Submitted ¢ November 25, 1954
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ATZERMAN, M.A.; GANTHAKHER. F.R.

Comment of the article of M.A, Airzerman and F.R. Gantmakher

"Conditions for the existence of a region of stability for a single-

-circuit automatic control system,” in PMM vol.18, no.l, 'SW&.

Prikl.mat.i mekh. 20 no.J3:447 My-Je 'S56. (MLRA 9:8)
(Automatic control)
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Call Nr: AP 1108325
Transactions of the Third All-union Mathematical Congress (Cont. ) Moscow,

Jun-Jul '56, Trudy '56, V. 1, Sect. Rpts., Izdatel'stvo AN SSSR, Moscow, 1956, 2037 Ep.
Vulikh, B. Z. (Leningrad). Semlordered Rings. 20-2

Mention 1s made of Domrachev, G; I.

There are 2 references, both of them USSR.
Gavrilov, L. I. (Leningrad). K-contimied Polynomlals.
There 1s 1 USSR reference

Gpantmakher, F. R. (Moscow). On Structural Lattice
a y of the Sum of Two Polynomlials.

Gurevich, G. B. (Moscow). Algebra of a Group of Automorphlsms
of an Arbitrary Standard Zero-algebga.

There are 2 references, both of them USSR.

Zavalo, S. T. (Cherkassy). Operator Free (roups.
Card 8/80
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AUTHOR
TITLE

PERIODICAL:

ABSTRACT :

Card 1/2

T

AYZERNAN,M.A., GANTMAKHER,F.R. (Moscow) PA ~ 2555
Determination of Periocdic Solutions in Systems with a ,
Straight-~Line Characteristic Composed of Line Pieces Parallel
to two Given Straight Lines. II. (Opredeleniye periodiches-
kikh rezhimov v sistemakh, soderzhashchekh kusochno-lineynyy
kharaktepistikiy sostavlennyye iz zven'yev, parallel 'nykh
dvum zadannym pryamym. II, Russian)

Avtomatika i Telemekhanika, 1957, Vol 18, Nr 3, pp 193 - 200
U.5.5.R.

Received: 4 / 1957 Reviewed: 6 / 1957

The problems which wan be solved according to the method quoted
in the first part of the paper are generalized in four direc-
tions in the second part. 1) Complicated processes can be in-
vestigated in systems with a binary broken characteristic.

2) Continuous characteristics or characteristics congisting

of any number of line pieces of different straight lines can
be investigated on the condition that the angular coefficients
of the straight lines are equal to one of the two given fac-
tors k' and k". 3) Also more general conditions for the trans-
ition of one characteristic- unit to the other can be examined.
4) A far more general class of exterior influences (that is of
the functions Fd(t)) can be investigated, in the course of

which these functions have to be detertined by their Fourier
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ASSOCIATION:
PRESENTED BY:
SUBMITTED
AVAILABLE:

Card 2/2

PA - 2555
Determination of Periodic Solutions in Systems with a
Straight - Line Characteristic Composed of Line Pieces
Parallel to two Given Straight Lines.

series., It is assumedhhat the period T can be devided into
N stages and that during each stage the point X)» ¥y, moves

on a straight line that has one of the given directions
Cetermined by the angular coefficients k' and k". It is assumed
that for each i-stage (i = 1,2,....,N) the equation of the
straight line and the conditions for the conclusion of the stage
are given, The processes are illustrated by three examples.

In the following chapter the equation of the periods in the ge-
neralized problem will be deduced. )

(6 illustrations and 2 citations from Slav publications)

Not given

20.6.1956
Library of Congress.
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AUTHORS: Ayzerman, M. A., Gantmakher, F. RU(MOSCOW) 103-11-7/10
____'_‘-———“————_—_h'

TITLE: On Some Peculiarities of Switching Over in Non-Linear Systems

of Automatic Control with a Partly Smooth Characteristic of &
Non-Linear Element (0 nekotorykh osobennostyakh pereklyucheniy

v nelineynykh sistemakh avtomaticheskogo regulirovaniya s kusochno
gladkoy kharakteristikoy nelineynogo elementa)

PERIODICAL: Avtom3tika i Telemekhanika, 1957, V01.1£18, Nr 11, pp. 1017-1028
(USSR

n
ABSTRACT: The processes investigated appear as follows: X, =:]Z_1uijxj+li}’

n
(1=1,2000009n), y=£(x), X_E Bjxj-Ky, where uij’ﬁj'ki

and )¢ are numbers (some of them may also be noughts). It is
assumed that the characteristic y=f(x) consists of two smooth
curves which are called the granches I and II of the character-
istic. On these curves the points of convergence P, and P, are
given. If the representing point moves in the plane X,¥ a%dng

one of the branches and reaches the point of convergence at t = tF
transition to the other branch takes place at that moment. This

js switching over, which can be continuous or discontinuous.

Card 1/3
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On Some Peculiarities of Switc

\-of Automatic Control with a Pg

hing Over in Hon-Linear Systems 103-11-7/10
- Element,

rtly Smooth Characteristic of a Non-Linear

There is normal and sliding switching over.
latter, though the p

immediately returns
moving along the new

In the case of the
oint passes over to.the other branch, it

to the old branch in the same moment without

branch at al], Types of switching over in
the case of characteristios consisting of infinite curves as well

as of curve sections, and types of switching over in systems
with a feedback closed round the non-linear element are in-

vestigated. It is shown that, in the case of discontinuous
characteristics, also in relay systems, in the case of sliding
switching over considerable changes of x during sliding and
Jumps along the straight line inclined towards the y-axis in
the direction of the "lacking characteristic brancheg" are ob-
served, In practice the type of the sliding switching over

realized depends on the small parameters, and the sliding switch-
ing over with the above mentioned

discontinuous characteristics, which are different fron relay
Card 2/3 characteristics, indefinite switching over, i.e. such with dis-
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On Some Peculiarities of §
of Automatic Control with
Element,

witching Over in Non-Linear Systemg 105-11~7/10
& Partly Smooth Characteristic of a Non-Linear

continuities, which, however, cannot be determined by means
of the equations investigated here, can occur. There are 12
figures and 5 Slavie references

SUBMITTED:  April 29, 1957.

AVAILABLE: Library of Congress
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AUTHOR: AYZERMAN, M.A., GANTMAKHER, F.R. (Moscow) 40-5-7/20

v TITLE: The Stability in Linear Approximation of Periodic Solutions
of a System of Differential Equations With Discontinuous
Right Sides (Ustoychivost' po lineynomu privlizheniyu periodi-
cheskogo resheniya  sistemy differentsinl'nykh uravneniy s
razryvnymi pravymi chastyamig.

PERIODICAL: Prikladnaya Mat.i Mekh.,1957,Vol.21,Nr 5,pp.658-669 (USSR)

ABSTRACT: In Lyapunov's classical investigations [Rcf.1] the problem of
determining stability of periodical solutions of systems of
differential equations in noncritical cases could be reduced
to the determination of the stability of the zero solution of
the linear approximation. Here it must be presupposed that the
right sides of the differential equations ars asnalytic func-
tions continuously depending on the arguments in a certain
neighborhood. In the present paper the authors give & genera-
lization of Lyapunov's theorems for the case that the right
sides possess discontinuities for certain values of the argu-
ments. Here it turns out to be necessary to define more
exactly the notion of the linear approximation and to deter-
mine what is to be understood by this in the discontinuous

case. With the aid of the linear approximation thus defined

some theorems are formulated and proved which are completely

APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3"



"APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3

e ) | KT 1] Gl St B S B N S SN I I T BT

The Stability in Linear Approximation of Pariodic Solutions 40-5-7/20
. of a System of Differential Equations With Discontinuous Right Sides

analogous tg the corresponding stability theorems of
Lyapunov. Thus the asymptotic stability and also the in-
stability can be determined from the behavior of the solu-
tions of the linear approximation of the non-linear initial
gsystem. There are 4 figures, no tables, and 2 Slavic refe-
rences.

ASSOCIATION: Moskovskiy. fiziko-tekhnicheskiy institut (Moscow Physico-technical
Institute)

SUBMITTED:  May 15, 1957
AVAILABLE: Library of Congress

Card 2/2
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AUTHOR: AYZERMAN, M.A., GARTMAKHER,¥.R. 20-4-1/51
e,
.TITLE: _Stability After.the Linear Approximation of the Periodic Jolutions

_of .a.System of Differentisl. Equations ¥ith Discontinuous: Right
Sides (Ustoychivost' po lineynomu priblisheniyu periodicheskikh
resheniy sistemy differeatsial'nykh uravnenly s razryvnymi
pravymi chastyamsi)

PERIODICAL: Doklady Akad.Nauk SSSR, 1957,V01.116,lr.4,pp.527-530 (USSR)
ABSTRACT: GCiven the system

(1) :-l—i;’- 'f (= z_,t)

dt. ik L i
with the.psriodic. solution.z . .= 'z‘;.(t), the pericd be T . Let the
£, be defined in an.infinite cylinder vith the axis s, = 5 (%),
Let the sequence of hyper surfaces Pu(.(z1""”n’t) = 0 cut C

into the regions Hy, ol =1,2,3,..., where. the curve s, = q(t)

intersects the surface Fo in. the moment t = ty in My and thereby
it ‘goes over from the “poaitive" to the "negative" side of P, .

ol
Here the f. in M, may have jumps gi . Otherwise let the f. be

Card 1/3
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Stability After the Linear Lpprnxinltibn of the Periodic Solutions 20-4-1/51
of a System of Differential Equations With Discontinucus Right Sides

continuous in all H o and_ differsntisble (uniformly with respsct
to t) with respect to. Z,,...,3, in the points of the curve

z, = ’i‘;(t) (t“_1€t$t‘( ). In every domain Hy for: givem initial
conditions let (1) have a umique solution which oan be: continued .
to Hm”. Let the fi be periodic in t with the period T. Let Po
be eontinuous and smooth in M 4, where on one nide of the surface
Fo >0 and on the other side Fg >0. The hyper surfaces F ydo not

intersect eachother. The system of linear approximation for (1)
with respect to the solution z; = ’z\i'(t) is defined as follows:

1) let the integral ourves of this systen Y@ continuous -between
the planes t = t, . and t = t,and there let them satisfy the
linear systen

dx. nof
i
(2) T -2 (55) x,
o A T O
vhere the(——j= are caloulated for the values of f, in Hy .

Card 2/3
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Stability After the Linear Approximation of the Periodic Solution 20-4-1/51
of a System of Differential Equations With Discontinuous Right Sides

2) In the points of intersection with the planes & = b, the
integral ocurves x, = x,(t) have juaps which are determined

from. the linear relations: n
(3) x, (£ +0) = x;(t-0) = I E,; NS™ 2y (4-0),

where

[oFr, /9 ar or F

(- w/ % o é o ot

h - ———————_ ’ —— f ———e
J [(d!‘“/dt)']l @® T L T LT

Yheorem: If under these assumptions the trivial solution of (2)-(3)
is asymptotically stable, then the solution z, = zi(t) of (1) is

asymptotically stable too.

Theorem:If only one root of the characteristic equation of the
above defined linear system of approximation is greater than 1
with respect to its absolute value, then the periodic solution

Card 3/3 B 'i‘;‘(t) of (1) is instable.
ASSOCIATION: Moscow By sical-Techmical Inatitute (Moskovekiy fiziko-tekhnicheskiy

. institut)
PRESENTED BY: T.04. oV Academician, April 23, 1957
SUBMITTED: - ﬁvh'i}flgéﬁ’ > April <3
AVATLABLE biaxry ai Congress-
.. e ®
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